A theory containing both electric and magnetic charges is formulated using two vectors potentials, A' and CC This has the aesthetic advantage of treating electric and magnetic charges both as gauge symmetries, but it has the experimental disadvantage of introducing a second massless gauge boson (the "magnetic" photon) which is not observed. This problem is dent with by using the Higgs mechanism to give a mass to one of the gauge bosons while the other remains massless. This effectively "hides" the magnetic charge, and the symmetry associated with it, when one is at an energy scale far enough removed from the scale of the symmetry breaking. Pe ~ Pe COS 0 +Pm sin O, Pm --" --Pe sin 0 + Pm COS 0 (3) Je ~ Je COS 0 + Jm sin 0 Jm ~ --Je sin 0 + J,, cos 0
INTRODUCTION
Since the seminal work of Dirac (1931, 1948) magnetic monopoles have excited much theoretical interest, but there has been no confirmed experimental evidence of their existence up to the present. Dirac's formulation requires the introduction of a singular vector potential so that the definition B = V x A, may be use& while still having V-B = Pm, where Pm is the magnetic charge density. The vector potential A is singular along a line which runs from the magnetic charge off to spatial infinity. By requiring that the string singularity have no physical effect (i.e., the wavefunction of a charged particle must vanish along it), one arrives at Dirac's condition for the quantization of electric charge. A fiber-bundle formulation of magnetic monopoles has been given by Wu and Yang (1975) which avoids the need for a singular vector potential, but defines the vector potential differently in two different regions surrounding the magnetic charge. The two vector potentials are related by a gauge transformation, and requiring that the gauge transformation function be single-valued yields the Dirac quantization condition again. This paper is dedicated to my grandparents Herbert and Anneliese Schmidt. ~Department of Physics, University of Virginia, Charlottesville, Virginia 22901.
In this article we present a different formulation of a magnetic charge based upon the gauge principle. Electric charge is a gauge charge which is coupled to a gauge field, the photon, by replacing the ordinary derivative with the gauge-covariant derivative in the Lagrangian. In electrodynamics the gauge field corresponds to the four-vector potential A~. Since the generalized Maxwell equations with electric and magnetic charges appear symmetric between the two types of charge and currents, one might ask if it is possible to treat magnetic charge, like electric charge, as a gauge symmetryl The gauge principle then implies that there must be a second massless gauge boson corresponding to magnetic charge. In the next section we will show that Maxwell's equations with electric and magnetic charges naturally have room for two four-vector potentials A, and C,. One is then left with two massless photons, while only one massless photon is known to exist experimentally. This difficulty can be overcome through the use of the Higgs mechanism (Higgs, 1964a (Higgs, ,b, 1966 , which allows one to make gauge bosons massive while not violating the gauge invariance of the theory. This allows the charge which is coupled to the massive gauge boson to remain "hidden" as long as one is not too near the energy scale of the symmetry breaking.
There have been previous attempts to construct a field theory of magnetic charges in terms of a pair of four-potentials by Cabibbo and Ferrari (1962) and Zwanziger (1971) , but the second vector potential has always been somewhat problematic since then there are apparently too many degrees of freedom. Spontaneous symmetry breaking allows one to deal with these extra degrees of freedom in a natural way.
GENERALIZED MAXWELL EQUATIONS AND DUALITY
The generalized Maxwell equations in the presence of electric and magnetic charges and currents are (Jackson, 1975) V 
